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TITLE OF CASE Do not include “a case report”
Medical management of a penile fracture with presumed pyelonephritis in a juvenile dog
SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)
A 3-month-old male entire Bouvier des Flandres was presented for acute onset dysuria, haematuria, lethargy and severe pain on palpation of the penis. Further investigation revealed a parcellar fracture of the cranial separate ossification centre of the os penis and associated urinary tract infection with presumed pyelonephritis. Fluoroscopic retrograde urethrography was performed revealing intermittent urethral obstruction caused by displacement of the cranial bone fragment of the separate ossification centre of the os penis. The urethra was catheterised to re-align the fragments and to permit urination and antibiotic treatment was started. The urinary catheter was kept in place for five days. After its removal, normal urination was observed with complete resolution of the clinical signs. Follow-up radiographs and ultrasound examination confirmed resolution of mechanical obstruction with fusion of part of the separate ossification centre and realignment of the displaced bony fragment.
BACKGROUND Why you think this case is important – why did you write it up?
Fractures of the ossification centre of the os penis have never been reported in dogs. Only a limited number of cases with fracture of the os penis have been reported in this species.1-7 The fracture is usually traumatic and the urethra may or may not be damaged.8 The clinical signs might appear immediately or after weeks/months following the trauma. The most common signs are pain, dysuria and haematuria, however not all are necessarily present concurrently.1-7 Diagnosis is usually achieved based on history, physical examination (in particular palpation of the penis) and the use of diagnostic imaging to confirm the presence of one or more fractures, to assess the urethra and to evaluate others concomitant comorbidities.1-7To the authors’ knowledge this is the first reported case of a fracture of the separate ossification centre of the penis in a dog managed medically with urethra catheterisation only. This report provides useful information for clinicians on diagnostics and treatment of a dog with an acute penile fracture, focusing on the advantages of medical management compared to surgical treatment which could lead to partial or complete amputation of the organ.
CASE PRESENTATION Presenting features, clinical and environmental history
A 3-month-old male entire Bouvier des Flandres was referred to the emergency service at the University of Edinburgh Hospital for Small Animals for acute onset dysuria, haematuria and lethargy of 24 hours duration. The referring veterinarian suspected a mechanical urethral obstruction caused by two uroliths in the penile urethra cranial to the os penis visible on abdominal radiographs. No history of trauma was reported by the owners.On presentation the dog was obtunded but responsive; intermittent red tinged urine was observed dripping from the prepuce. The dog was cardiovascularly stable, and on palpation of the abdomen limited distension of the urinary bladder was noted, with severe pain elicited on both abdominal and penile palpation.
INVESTIGATIONS If relevant
Point of care ultrasound (POCUS) of the abdomen revealed a small volume retroperitoneal and peritoneal effusion (focal to the urinary bladder). Furthermore, in the urinary bladder lumen echogenic mobile sediment was observed. No abnormalities were noted on POCUS of the thorax. An extended emergency blood examination was performed, including packed cell volume (PCV), total solids (TS), blood smear examination, lactate, creatinine and venous blood gas analysis. All parameters were within normal reference intervals including creatinine (35µmol/L, reference interval [RI] 27-106). The dog was sedated with 3 μg/kg dexmedetomidine (Dexdormitor; Orion Pharma) and methadone 0.2mg/kg (Comfortan; Dechra) intravenously and urethral catheterisation was attempted. This was unsuccessfully due to severe pain elicited by penile manipulation. Furthermore, when the penis was extruded an abnormal angle at the tip of the glans of penis was noted (Figure 1), raising suspicion of a traumatic fracture. Ultrasound-guided cystocentesis was performed to empty the urinary bladder. Urine sediment analysis revealed erythrocytes, pyuria, suspected rods and cocci and intracellular bacteria. The sample was also sent for culture and sensitivity testing. Intravenous amoxicillin-clavulanic acid (Augmentin; Gsk) was started empirically at 20mg/kg three times a day following the administration of 4mg of chlorphenamine maleate (Chlorphenamine; Trotwood Pharma) IV. Methadone 0.2mg/kg was given every four hours to control pain and fluid therapy was started with administration of Hartmann’s solution. The following day the dog underwent general anaesthesia for further investigation.Standard lateral radiographs of the caudal abdomen were taken, revealing a detached and displaced bone fragment from the distal aspect of the os penis (Figure 2A). A second bone opacity was also visible, adjacent to the os penis, most likely representing an ossification centre. Based on those radiographs, the imaging diagnosis was a displaced parcellar fracture of the separate ossification centre of the os penis. A fluoroscopic retrograde urethrogram was performed with intermittent obstruction detected at the tip of the penis with the cranial fragment partially obliterating the urethral lumen.On abdominal ultrasound, the urinary bladder was partially distended. There was generalised, marked, heterogeneously hyperechoic thickening (approximately 1cm in thickness) of the urinary bladder wall (Figure 2B). There was a moderate volume of intraluminal echogenic material, partially mobile within the lumen and adjacent to the inner urinary bladder wall. Moreover, there was mild volume of hypoechoic peritoneal and retroperitoneal effusion and markedly hyperechoic mesentery surrounding the urinary bladder. The urethra was moderately distended (0.4cm) by similar mixed hypoechoic and mobile echogenic content to the level of the distal tip of the os penis. At this level two completely detached linear hyperechoic interfaces with distal acoustic shadowing were noted, with the cranial one misaligned and causing intermittent mechanical obstruction of the urethral lumen (Figure 2C). The kidneys were normal in shape but there was moderate bilateral pyelectasia (1.2 cm), with collection of hypoechoic and partially echogenic material in both renal pelvises. On Contrast Enhanced Ultrasound (CUES - 0.06 ml/kg, Sonovue, Bracco, Milan – Italy) homogeneous marked enhancement of the thickened urinary bladder wall was detected. The luminal sediment partially attached to the wall was non-contrast enhancing.
DIFFERENTIAL DIAGNOSIS If relevant
There were three main problems: the fracture, the urinary bladder wall thickening and the renal changes. Abdominal radiographs were highly suggestive of a fracture of the ossification centre of the os penis. The presence of an intermittent mechanical obstruction was documented with a fluoroscopic retrograde urethrogram study. These signs appeared acutely, making a congenital abnormality unlikely. Despite the fact that no traumatic event was noticed by the owners, a traumatic origin could not be excluded, especially considering the acute onset of clinical signs.  The abnormal urinary bladder wall and content were most likely a consequence of bacterial cystitis with urinary sediment or blood clot(s). A neoplastic process in the urinary bladder was considered unlikely due to the age of the dog and it was excluded based on the CEUS findings. The presence of pyelectasia combined with urinary tract infection (UTI) was highly suggestive of pyelonephritis, although this finding could also be secondary to urinary obstruction. The presence of mild retro-peritoneal effusion was more indicative of perirenal inflammation, supporting the suspicion of pyelonephritis. 

TREATMENT If relevant 
A 6 French Gauge Foley Catheter (Smith medical) was successfully placed in the urinary bladder under general anaesthesia. The catheter was maintained for five days. During this period, the urinary catheter was assessed and cleaned daily with diluted povidone iodine and when obstructed by sediment was flushed with 10mL warm sterile saline. Proteus mirabilis sensitive to the current antibiotic was isolated from the sample of urine collected via cystocentesis at initial presentation. Serum creatinine was repeated on the second and fifth day following admission, and was stable over this period (49μmol/L and 46μmol/L, respectively). Urinary sediment analysis was performed daily, and rods were no longer observed within 24h of intravenous antibiotic therapy. Following catheterisation, methadone was de-escalated to intravenous buprenorphine at 0.02mg/kg q8h and oral prazosin (Hypovase; Pfizer) was added at 0.25mg/kg q12h with the aim to reduce urethral spasm.
OUTCOME AND FOLLOW-UP  
On the fourth day, limited leakage of urine was noticed around the urinary catheter. On the fifth day, the urinary catheter was removed, and the dog was able to urinate. Mild haematuria and dysuria persisted initially, but no obvious stranguria was observed. On the fifth day, an abdominal ultrasound was repeated which showed a normally distended urinary bladder without evidence of wall thickening and markedly decreased but still present mobile luminal echogenic sediment. The previously noted renal pyelectasia completely resolved and no evidence of urethral distension was identified (Figure 3B). The dog was sent at home with oral amoxycillin-clavulanic acid (Noroclav; Norbrook), prazosin and low dose of meloxicam, given the potential renal damage, (Metacam; Boehringer Ingelheim) 0.05mg/kg q24h. Two weeks after discharge the dog presented for a recheck. The owners reported no further dysuria or haematuria. On follow-up radiographs (Figure 3 A) the fractured fragment of the separate ossification centre was realigned but not fused to the os penis. Urine culture was sterile. Medical therapy was discontinued at this stage. Urine culture was repeated two weeks following the cessation of therapy and was sterile.
DISCUSSION Include a very brief review of similar published cases 
This report documents diagnosis and treatment of a fracture of the separate ossification centre of the os penis in an immature dog with concomitant urinary tract infection, highlighting medical management. Although fractures of the os penis have already been described in dogs, these are rare and there are only a limited number of cases reported in the literature.1-7 Furthermore, to our knowledge no other cases of a fracture at the level of the ossification centre of the os penis have been reported. Because of suspected traumatic aetiology, these dogs need to be triaged on presentation as other comorbidities could be present. An emergency database and POCUS of abdomen and thorax should be performed on admission, as they provide information about the animal’s condition and help guide initial therapeutic intervention.9 In the present case, the radiographs taken by the referring veterinarian were reviewed on admission and were possibly suggestive of fracture. To be able to reach the correct diagnosis it is of fundamental importance to recognise the normal anatomical structure; at this level the centre of ossification of the os penis can be mistaken for a foreign body, a fracture or a urethral calculus.10 The first, major ossification centre to form in the canine penis after birth appears on the surface of a cartilaginous nodule that forms within the corpora cavernosa.10 A second centre of ossification can develop cranially or caudally to the major structure.9 For these reasons, it is necessary to refer to diagnostic techniques such as radiology, ultrasound or fluoroscopy to evaluate the anatomy and subsequently associated abnormalities.Following diagnosis, dogs should be stabilised before considering further intervention.  Hyperkalemia has been reported in the cases with urethral rupture and/or complete urethral obstruction.6 Furthermore, prolonged over distension of the urinary bladder can lead to detrusor muscle dysfunction11 and acute kidney injury can result from increased urine backpressure and decreased renal blood flow.12 To the authors’ knowledge, this is the first case in which suspected pyelonephritis was detected in a dog with fracture of the separate ossification centre of the os penis. The suspicion of pyelonephritis was based on the ultrasound findings (bilateral pyelectasia), presence of pyuria and positive culture from the urine. It was suspected that the mechanical obstruction did not permit bladder emptying, predisposing to the development of bacterial cystitis and subsequent ascending pyelonephritis. Unfortunately, the final diagnosis of pyelonephritis was not reached because culture from a sample obtained via pyelocentesis was not performed. The dog was started on intravenous antibiotic therapy the day before, when urinalysis revealed the presence of bacteria and active sediment. For this reason, it was decided to not perform pyelocentesis. Based on the current recommendations, the ideal initial treatment for pyelonephritis should involve antimicrobial drugs effective against Gram-negative bacteria as these bacteria usually predominant.13 Therefore, in these cases fluoroquinolones are often recommended because of their spectrum and penetration qualities. In this case, amoxicillin-clavulanic acid was continued to avoid the potential side effects of fluoroquinolones in a young growing dog14. The antibiotic treatment was stopped based on the sterile urine culture obtained by cystocentesis at the recheck, two weeks later. A second urine sample was obtained two weeks following cessation of antimicrobial therapy, and culture remained sterile. Despite previous recommendations to treat pyelonephritis for at least four weeks, based on human literature, shorter duration of treatment in veterinary medicine could be considered on a case by case basis.15-18  Different surgical interventions have been described for treating os penis fracture including stabilisation of the fracture with a finger plate,2,6 scrotal urethrostomy2,5,7 or potentially partial/complete penis amputation in case of failure of medical management or if a urinary catheter cannot be passed.19 These procedures are usually invasive, irreversible and carry a risk of complications.20 Therefore, when possible, conservative management of these fractures is recommended.19 Simple, minimally displaced fractures do not require immobilisation, while more severe ones, can be immobilised by maintaining an indwelling urethral catheter for seven days.19
The dog in this report was considered to be a good candidate for medical management as young animals have a strong biological potential for healing and often external coaptation is enough to stabilise fractures because of their fast healing times.21 Despite the fact that medical management has often been advocated to be successful  among the cited case reports, only one adult dog was successfully treated with urinary catheterisation only.4  In conclusion, in case of suspected os penis fracture urinary catheterisation should always be attempted in order to permit emptying of the urinary bladder, to reduce costs and to avoid irreversible invasive procedures, especially in immature patients. 
LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field
When there is a suspicion of os penis fracture, an extended emergency blood examination and POCUS should be performed at admission to evaluate concomitant comorbidities;Knowledge of os penis ossification centre anatomy is important when interpreting radiographs of suspected penile fractures in young animals;When possible, serious comorbidities should be treated before considering general anaesthesia or a surgical procedure;Urinary catheterisation should always be attempted under deep sedation or general anaesthesia;It is highly recommended to collect a urine sample by cystocentesis for culture to rule out urinary infection;
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